The chiral anomaly in Weyl semimetals states that the left-and right-handed Weyl fermions, constituting the low energy description, are not individually conserved, resulting, for example, in a negative magnetoresistance in such materials. Recent experiments see strong indications of such an anomalous resistance response; however, with a response that at strong fields is more sharply peaked for parallel magnetic and electric fields than expected from simple theoretical considerations. Here, we uncover a mechanism, arising from the interplay between the angle-dependent Landau-level structure and long-range scalar disorder, that has the same phenomenology. In particular, we analytically show, and numerically confirm, that the internode scattering time decreases exponentially with the angle between the magnetic field and the Weyl node separation in the large field limit, while it is insensitive to this angle at weak magnetic fields. Since, in the simplest approximation, the internode scattering time is proportional to the anomaly-related conductivity, this feature may be related to the experimental observations of a sharply peaked magnetoresistance.
Weyl semimetals are a recently realized family of materials [1] [2] [3] [4] in which the band dispersion is linear and crosses in points at the Fermi level 5 . At low energy an effective description in terms of massless and chiral (leftor right-handed) relativistic Weyl fermions thus emerges. The field theory of such fermions realizes the chiral anomaly 6, 7 , with left-and right-handed Weyl fermions not individually conserved. In condensed-matter systems, where particle number conservation is manifest, this necessitates an equal number of fermions of each handedness; Weyl fermions consequently always come in pairs [8] [9] [10] . The anomaly is driven by non-orthogonal magnetic and electric fields that transmute one handedness into the other via bulk chiral Landau levels 11 . Weyl semimetals are also topological, which leads to stable surface states with Fermi arcs 12, 13 . The combination of relativistic Weyl dispersion, chiral anomaly and Fermi arcs results in various distinctive transport properties, such as quantum oscillations from Fermi arcs [14] [15] [16] , resonant transparency 17 , and nonlocal valley currents 18 . A further experimentally relevant consequence of the chiral anomaly, a large negative magnetoresistance, was realized by Nielsen and Ninomiya and discussed in their lucid 1983 paper 11 . The longitudinal magnetoconductivity takes the form
with f (B) ∝ B in the quantum limit with quantized Landau levels 11 and f (B) ∝ B 2 in the semiclassical limit 19, 20 , where this quantization can be neglected. Importantly, it is the internode scattering time τ v -the time for scattering between different chiralities, which is generally much larger than the intranode chirality preserving scattering time τ c -that enters, resulting in an unusually large magnetoresistance. Early transport experiments have obtained results consistent with this prediction [21] [22] [23] [24] [25] [26] [27] (albeit in some cases interpreted as a result of current jetting 27 ), although not all features of these experiments are fully understood. Measurements for Na 3 Bi, where two Dirac nodes split up into four Weyl nodes due to Zeeman coupling, show a strong angular dependence of the conductivity 21 , which at weak magnetic field is consistent with expectations, but at large magnetic field it is even much more strongly peaked at parallel electric and magnetic fields than can be explained assuming an angle-independent internode scattering time 28 . In this work we address this observation by studying the angular dependence of the magnetoresistance in the presence of long-range disorder, extending previous work on the interplay of long-range disorder and magnetic field in Weyl semimetals [29] [30] [31] [32] . We show analytically that, within the Born approximation, the internode scattering time τ v is exponentially reduced when the magnetic field is tilted away from the momentum-space separation of the Weyl nodes 33 . We limit ourselves to the simplest case of two Weyl fermions of opposite chirality separated in momentum space by the vector b. The essential reason for the observed effect is understood from noting that tilting the magnetic field B = B e r away from b reduces the effective node separation to b r = b·e r . In the presence of long-range disorder, the internode scattering time decays rapidly with decreasing node separation, since this corresponds to a large momentum transfer, resulting, via the relation (1), to sharply peaked magnetoresistance. The long-range nature of the disorder potential is essentialfor short-range disorder the separation in momentum space does not influence the scattering rate 18 . In addition to this effect, there is a slightly more subtle effect due to the shift of the Landau-level wave-function-center with momentum, which affects the internode scattering time in the opposite direction by increasing the real space distance between the closest states in momentum space. Remarkably, these two effects counterbalance each other at low magnetic field (magnetic length B ξ the disorder correlation length) such that the internode scattering time is independent of the angle. At large magnetic field ( B ξ) the shift of the node separation dominates and results in the aforementioned exponential decrease of the internode scattering time τ v . The argument just given is valid for low energies where the chemical potential µ < √ 2 v/ B such that one can ignore all but the lowest Landau level. In this limit we provide explicit analytical results, and further extend them to higher energies, with the results remaining qualitatively the same, by taking into account scattering between different Landau levels. This provides the detailed chemical potential dependence of the magnetoresistance. Finally, these quantum limit results are confirmed by a numerical computations of the conductance at zero energy, using a transfer matrix technique 34 . Given that we are interested in the internode scattering time τ v = − /ImΣ R χ =χ , with χ denoting the chirality, we need to compute the self-energy Σ. The Weyl Hamiltonian describing two Weyl nodes in a magnetic field is
where σ is the vector of Pauli matrices and k is the momentum measured from the Weyl points that are separated by a vector b = b e z . The Pauli matrices τ µ act in the space of chiralities. The disorder potential V has Gaussian correlations
of dimensionless strength K 0 , with ⟪·⟫ denoting the disorder average. The vector potential A lies in the y-zplane with B = B e r , A = B x e θ (4) e r = cos θ e z + sin θ e y , e θ = cos θ e y − sin θ e z . (5)
In a clean system V = 0, the two chiralities are decoupled and their eigenfunctions can be found separately. Rotating the 2 × 2 Hamiltonian of chirality χ allows us to express it in terms of creation and annihilation operators in a Landau-level basis 35, 36 
with the magnetic length B = /(eB), rotated momenta k r,θ = k · e r,θ , and annihilation operator
The energy spectrum consists of dispersive Landau levels, which at positive energy are given by
where the cyclotron frequency ω B = v/ B . The corresponding eigenstates are 37,38
The wave functions describing the eigenstates of the number operator a † k θ
, are proportional to the Hermite functions ψ n centered at x = − 2 B k θ , such that the position along x and the momentum along e θ are locked. While the energies depend only on the single momentum component k r , the wave functions depend only on k θ . Lines of equal energy are parallel to k y when θ = 0 and tilt towards k z when θ increases 16 . We corroborate these low energy results by calculating the band structure in a tight-binding system with a low-energy bulk dispersion that is well reproduced by two isolated Weyl nodes 39 . The Fermi-arc structure 16 is captured by taking the system finite in the x direction. A magnetic field in the y-z plane changes the linear dispersion to a Landau-level structure with momentum-space separation of the chiralities b r = b cos θ [see Fig. 1(a) ]. At low energies µ < √ 2 ω B , the Fermi surface consists of the two zeroth Landau levels (tilted lines) that are connected by Fermi arcs (at fixed k y ) [see Fig. 1(b) ]. As the zeroth Landau levels tilt towards k z with increasing angle between the magnetic field and node separation, the distance in real space δx = 2 B δk θ , with k θ measured from the Weyl nodes in absence of a magnetic field, simultaneously increases for those states with minimal momentumspace distance.
The essential reason for the enhanced internode scattering can now be intuitively understood from the band structure: for a disorder potential with long-range correlations, the amplitude for internode scattering increases when the magnetic field is tilted away from the Weylnode momentum axis, due to the reduced momentumspace distance b r , while simultaneously decreasing because of the increased real-space distance δx. To substantiate this argument, we explicitly calculate the selfenergy.
The disorder-induced self-energy correction for a Landau level of certain chirality can be split up into two contributions: scattering within the chirality, which defines the intranode scattering time τ c , and scattering between different chiralities, which defines the internode scattering time τ v . These corrections are expressed to lowest order in the disorder potential via the Born approximation, with k = (k r , k θ ),
with the disorder correlation in the Landau-level basis
and the Green's function of the clean system k r . The diagonal elements of Σ with χ = χ give intranode scattering, while off-diagonal elements with χ = χ give internode scattering. Inserting the Gaussian correlation of Eq. (3),
dx dx e
where δq χχ = k − k − (χ − χ )b/2 is the momentum transfer between the involved states. Scattering is therefore dominated by small momentum transfer δq χχ ≈ 0.
are two-component wave functions.
In the ultra-quantum limit at energies µ < √ 2 ω B , it is sufficient to compute Γ χχ mm by including scattering only between zeroth Landau levels. With the wave functions (10), the disorder correlations (13) simplifies to
The self-energy correction for scattering within the same chirality is now straightforward. Integration over momenta k results in an inverse intranode scattering time
For the internode scattering time the momentum difference between the chiralities is enlarged by the node sep- aration, resulting in
with b r,θ = b · e r,θ . The ratio of inter-and intranode scattering time at zero energy is therefore
In the limit of small magnetic fields, B ξ, the ratio does not depend on the angle θ between the node separation and magnetic field. In contrast, for large magnetic fields, B ξ, the ratio decreases exponentially when the magnetic field is tilted away from the node separation. This functional behavior is illustrated in Fig. 2 , and constitutes one of our main results.
To extend our results to energies larger than √ 2 ω B , where higher Landau levels are occupied, a full solution for the disorder correlation (13) is needed. The integrals over both momentum components are similar to those appearing in the treatment of the integer quantum Hall effect 40 , resulting in analogous expressions. Since the full analytical expression is too complicated to give additional insight, we relegate its display to Appendix B.
In Fig. 3(a) we show the ratio of the internode scattering times with the node separation orthogonal and parallel to the magnetic field, τ v (θ = π/2)/τ v (θ = 0), as a function of the chemical potential for different magnetic field strengths. As in the ultra quantum limit, the change of the internode scattering time is more pronounced for large fields. For small B /ξ, the decrease persists up to higher energies than for large B /ξ. The behavior for energies in the ultra-quantum limit with µ < √ 2 ω B can be best understood from Eq. (16), which gives a linearly increasing logarithm of the ratio due to the reduced momentum-space distance with increasing energy. In Fig. 3(b) , we further compare the ratio of scattering times for the node separation anti-parallel and parallel to the applied field. These two scattering times are not identical due to the dispersion of the zeroth Landau levels: their momentum-space separation is reduced when µ > 0, while changing the direction of the magnetic field B → −B reverses this effect and increases the node separation when µ > 0. This effect could be visible in experiments since other reasons for an angle-dependent magnetoresistance, such as non-isotropic Fermi velocities, do not change upon reversing the magnetic field direction.
We verify the approximation that the internode scattering time is the relevant transport time, and thereby our results, by numerically calculating the conductance using a transfer matrix representation 34, 41 of the solutions of the Weyl equation H ψ = E ψ, previously employed for disordered Weyl nodes in the absence of a magnetic field [42] [43] [44] [45] . A random scattering potential with correlations as in Eq. (3) is transformed into the Landaulevel basis and added to the Hamiltonian in terms of the raising and lowering operators, Eq. (6). The details of this approach are given in Appendix C. With this method, we obtain the matrix of transmission amplitudes t for a system that has periodic boundary conditions in the transverse x and y directions and a finite length L in the z direction; the conductance is then given by the Landauer formula
In Fig. 4(a) , we show the dimensionless resistanceR = 
as a guide for the eye. The good agreement provides a numerical confirmation of the main finding of this work: magnetotransport is not just dominated by the size of the node separation itself, but also by the tunable angle between applied magnetic field and the node separation.
In conclusion, we find that the internode scattering time in Weyl semimetals at zero energy exponentially decreases when an external magnetic field is tilted away from the Weyl node separation. For small magnetic fields, this drop vanishes and the internode scattering time is angle independent. Numerically, we confirm that the internode scattering time is the relevant transport time and proportional to the conductivity. Away from the ultra-quantum limit, where transport is dominated by the zeroth Landau level, the internode scattering time remains angle dependent, and decreases for large magnetic fields tilted away from the Weyl node separation. The angle-dependent internode scattering time may be related to the experimentally observed sharply peaked magnetoresistance at large magnetic fields. Our predictions can, in principle, be experimentally confirmed by measuring the conductivity along the axis of parallel electric and magnetic fields with all fields tilted against the node separation. The predictions can be extended for a larger number of Weyl nodes. The behavior presented in this work especially applies when the separation between pairs of Weyl nodes is smaller than the separation of the pairs, cf. Appendix D. The difference in conductivity for magnetic fields parallel and anti parallel to the node separation is another experimentally accessible signature.
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, realized on a cubic lattice with lattice constant a. Its energy dispersion exhibits two isotropic Weyl nodes with velocity t at k z a = ±π/2. A magnetic field in the y-x-plane is introduced via minimal coupling.
Appendix B: Scattering between different Landau levels
To include scattering between Landau levels m and m in the self energy calculation, we insert the eigenspinors
into the expression for the disorder correlator in Landau level basis to obtain where the integrals
We substitute
to obtain
The integration over the real space coordinates is decoupled using (B9) with the two independent integrals over real space
where
n are the Associated Laguerre polynomials. To solve the momentum integration in Eq. (B9), we introduce polar coordinates q x = q sin ϕ, q y = q cos ϕ. For all cases of interest that appear in Eq. (B3), the product I 
which requires another integration over the momentum component k r . This integral results from noting that the integrand is the imaginary part of the clean singleparticle Green's function, ImG
